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Hypertrophic cardiomyopathy (HCM) is traditionally associated with exercise restriction due to potential risks, yet recent

evidence and guidelines suggest a more permissive stance for low-risk individuals. The aim of this comprehensive review

was to examine existing research on the impact of exercise on cardiovascular outcomes, safety, and quality of life in this

population and to consider implications for clinical practice. Recent studies suggest that regular exercise and physical

activity in low-risk individuals with HCM are associated with positive outcomes in functional capacity, haemodynamic

response, and quality of life, with consistent safety. Various studies highlight the safety of moderate-intensity exercise,

showing improvements in exercise capacity without adverse cardiac remodelling or significant arrhythmias. Psychological

benefits, including reductions in anxiety and depression, have been also reported following structured exercise pro-

grammes. These findings support the potential benefits of integrating individualised exercise regimens in the manage-

ment of low-risk individuals with HCM, with the aim of improving their overall well-being and cardiovascular health.

Adoption of the FITT (frequency, intensity, time, and type of exercise) principle, consideration of individual risk profiles,

and shared decision-making are recommended. Future research is warranted to clarify the definition of ‘low risk’ for

exercise participation and investigate the influence of physical activity on disease progression in HCM. Innovation in

therapeutic strategies and lifestyle interventions, alongside improved patient and provider education, will help advance

the care and safety of individuals with HCM engaging in exercise. (Hellenic Journal of Cardiology 2024;80:83–95)

© 2024 Hellenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is a multifac-
eted cardiovascular disorder characterised by
abnormal thickening of the heart muscle, primarily
affecting the left ventricle (LV), often in combination
with microvascular dysfunction and myocardial scar.
It is the most common inherited cardiac condition,
with a prevalence ranging from one in 200–500 in-
dividuals.1,2 HCM can have a significant impact on
cardiac structure and function, leading to various
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clinical manifestations, symptoms, and potential
complications, including atrial fibrillation (AF),
stroke, progressive or advanced heart failure (HF),
ventricular arrhythmias, and sudden cardiac death
(SCD).2,3

The management of HCM traditionally focused on
pharmacological and invasive interventions to alle-
viate symptoms and reduce the risk of adverse out-
comes.2 However, recent data are increasingly
demonstrating the potential benefits of lifestyle
modification. While exercise has been recognised as
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an established therapeutic modality in various car-
diovascular conditions, its role in the management of
HCM has been a subject of debate due to concerns
about the potential risks of exercise in this popula-
tion.4 Historically, HCM was regarded as a cause of
SCD in athletes, which led to conservative exercise
recommendations,5,6 inadvertently promoting a
sedentary lifestyle, leading to obesity and increased
cardiovascular risk.4 In contrast, recent evidence in-
dicates that exercise might have a positive effect on
cardiovascular remodelling in low-risk HCM patients.
In fact, moderate-intensity exercise has been found
to pose no significant safety concerns.7–10 As outlined
in the 2019 American College of Cardiology/American
Heart Association (ACC/AHA) guidelines, exercise
intensity is classified according to metabolic equiva-
lents (METs), with moderate-intensity exercise
ranging from 3 to 5.9 METs. This includes activities
such as brisk walking at 2.4 to 4 miles per hour, biking
at 5 to 9 miles per hour, recreational swimming, and
active yoga.11

The challenge of exercise restriction in HCM is
addressed in various guidelines with differing rec-
ommendations (Table 1). The 2020 ACC/AHA guide-
lines recommend low-to-moderate-intensity
recreational exercise but underline the importance of
annual comprehensive risk evaluation for athletes
with HCM participating in more strenuous activities,
TABLE 1 Exercise recommendations for patients with hypertrophic ca

2023 ESC guidelines12

Recommendations Class (level)

Regular low- to moderate-intensity exercise is
recommended in otherwise healthy individuals.

I (C) Mild
s
w
r

Individualised risk evaluation recommended for all
cardiomyopathy patients when prescribing exercise
regimens.

I (C) It is
t
p
s

In genotype-positive phenotype-negative individuals,
high-intensity exercise and competitive sports may
be considered.

IIa (C) For
i

High-intensity physical activities and competitive
sports can be considered for asymptomatic, low-
risk mild morphological HCM without resting or
inducible LVOTO or exercise-induced complex
ventricular arrhythmias.

IIb (B) In ge
c

Avoid high-intensity exercise and sports in high-risk
individuals, especially with LVOTO and exercise-
induced arrhythmias.

III (C) Part
m
b
e
p
I

ICD
p

AHA/ACC ¼ American Heart Association/American College of Cardiology; ESC ¼ Europe
cardioverter defibrillator; LVOTO ¼ left ventricular outflow tract obstruction; QoL ¼ qu
Ommen et al. (2020).13
including competitive sports.13 Conversely, the Eu-
ropean Society of Cardiology (ESC) has adopted a
more permissive approach, advising that high-
intensity and competitive sports be considered in
low-risk individuals with HCM (Class IIB, Level B).12

This comprehensive literature review aims to
evaluate the existing evidence concerning exercise in
HCM and provide recommendations for clinical
practice.

2. PATHOPHYSIOLOGY, CLINICAL

FEATURES, AND INVESTIGATION OF HCM

The underlying mechanisms of HCM involve a com-
bination of genetic factors causing cellular and mo-
lecular abnormalities that consequently lead to
structural and functional changes in the heart.14

Mutations in genes encoding sarcomere proteins,
including myosin heavy chain 7 (MYH7) and myosin-
binding protein C3 (MYBPC3), have been identified
in 40%–60% of patients with HCM.15 These mutations
result in abnormal sarcomere function, impaired cal-
cium handling, and altered signalling pathways,
leading to cellular and molecular mechanisms
contributing to hypertrophy, endothelial dysfunc-
tion, and myocardial fibrosis.16

Histological changes in HCM include myocardial
fibrosis, myocyte disarray, and small vessel
rdiomyopathy

2020 AHA/ACC guidelines13

Recommendations Class (level)

- to moderate-intensity recreational exercise is
uggested for most individuals with HCM, aligned
ith the general population’s physical activity
ecommendations.

1 (B-NR)

recommended that athletes with HCM undergo
horough assessments and discuss with expert
roviders about the potential risks associated with
ports involvement.

1 (C-EO)

most patients with HCM, participation in low-
ntensity competitive sports is reasonable.

2a (C-EO)

notype-positive phenotype-negative individuals,
ompetitive athletics of any intensity is reasonable.

2a (C-LD)

icipation in high-intensity recreational activities or
oderate- to high-intensity competitive sports may
e considered after yearly comprehensive
valuation and shared discussion with an expert
rovider, with clear communication about SCD and
CD risks.

2b (C-LD)

implantation solely for competitive sports
articipation is not recommended.

3: Harm (B-NR)

an Society of Cardiology; HCM ¼ hypertrophic cardiomyopathy; ICD ¼ implantable
ality of life; SCD ¼ sudden cardiac death. Adapted from Arbelo et al. (2023)12 and
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abnormalities, which may be related to specific ge-
notypes.17,18 From a clinical perspective, HCM fea-
tures increased left ventricular thickness, diastolic
dysfunction, and dynamic left ventricular outflow
tract obstruction (LVOTO), leading to symptoms such
as dyspnoea, chest pain, and syncope.19

The clinical manifestation of HCM is complex, with
variable onset of symptoms, rate of disease progres-
sion, and prognosis. The severity of LV hypertrophy
and the presence of certain genetic mutations can
influence the phenotypic expression of HCM.18 Elec-
trophysiological abnormalities, such as ventricular
arrhythmias and AF, are common in HCM patients,
affecting 20%–30% and 25%, respectively, and can
further contribute to disease progression.16,20 Exer-
cise intolerance is a frequent manifestation in HCM as
a result of diastolic dysfunction, abnormal myocar-
dial relaxation, microvascular dysfunction, and dy-
namic LVOTO.21,22 Reduced exercise capacity is an
important predictor of adverse cardiovascular events
in HCM associated with more severe symptoms,
hospitalisation (arrhythmias/HF), implantable
cardioverter-defibrillator (ICD) implantation, and all-
cause mortality.23,24

Various investigations help evaluate disease
severity and progression, including electrocardiog-
raphy (ECG), laboratory testing, genetic testing,
ambulatory ECG monitoring, and cardiac imaging
modalities.12 Echocardiography allows for the
assessment of LV wall thickness, LVOTO, and systolic
anterior motion of the mitral valve. It also provides
information on systolic and diastolic function, global
longitudinal strain, left atrial size, and other struc-
tural and valvular abnormalities.13 Cardiac magnetic
resonance (CMR) provides detailed information on
myocardial morphology and tissue characterisation,
including the assessment of myocardial fibrosis and
ischaemia. In addition, exercise stress echocardiog-
raphy can detect dynamic LVOTO and correlate it
with exercise-induced symptoms.12,25 The ESC and
AHA guidelines both recommend exercise stress
echocardiography for symptomatic patients,
attempting to unmask a high left ventricular outflow
tract (LVOT) gradient of >50 mm Hg and exercise-
induced mitral regurgitation.12,13

Exercise testing plays a key role in risk stratification
by evaluating arrhythmic burden during exercise,
haemodynamic response, and functional capacity.
Non-sustained ventricular tachycardia (NSVT) and an
abnormal blood pressure (BP) response during exercise
are well established risk factors for SCD per the ESC
guidelines.12 Cardiopulmonary exercise testing (CPET)
can provide a clear picture of functional capacity,
haemodynamic response, and exercise-induced
arrhythmias.26 The latest American and European
cardiomyopathy guidelines recommend serial CPET
every 2–3 years to objectively monitor functional
capacity.12,13

3. OUTCOMES AND LONG-TERM EFFECTS OF

EXERCISE IN PATIENTS WITH HCM

Several studies on the impact of exercise on cardio-
vascular outcomes and long-term effects in patients
with HCM have been conducted (Table 2). Various end
points have been examined, including functional ca-
pacity, haemodynamic response, safety and adverse
events, quality of life (QoL), and mental health.
Notably, most patients recruited in these studies were
‘low-risk’ individuals,28,33 and those who did not
adhere to recommended clinical follow-ups or led a
sedentary lifestyle were often excluded.32 High-risk
patients with HCM, including those with New York
Heart Association (NYHA) Class III/IV symptoms, a
history of exercise-induced syncope or arrhythmias,
LVOTO, and other conditions in which exercise was
contraindicated, were also often excluded.7,8,27,29,30

3.1. IMPACT OF EXERCISE ON FUNCTIONAL

CAPACITY AND HAEMODYNAMIC RESPONSE. The
impact of exercise on functional capacity and hae-
modynamic response in patients with HCM has been
the focus of various studies, most of which demon-
strated a positive response after engaging in an ex-
ercise programme (Table 2 and Fig. 1).

In the RESET-HCM trial, 16 weeks of moderate-
intensity aerobic training led to a small but statisti-
cally significant increase in exercise capacity
compared with usual activity (p ¼ 0.02), without
significant differences in measures of cardiac
morphology and function, LVOT gradient, or serum
brain natriuretic peptide (BNP) levels.8 Dejgaard et al.
(2018) found that lifetime vigorous exercise corre-
lated with larger LV end-diastolic volume in both
phenotype-positive (HCM left ventricular hypertro-
phy [LVH]þ) and genotype-positive phenotype-
negative (G þ LVH�) individuals (both p < 0.001).
Lifetime vigorous exercise also correlated with
increased LV mass in G þ LVH� individuals (p ¼ 0.03)
but not in HCM LVH þ patients (p ¼ 0.53).30 Using the
same study cohort, Andreassen et al. (2022) showed
that exercise training during childhood and adoles-
cence was associated with favourable LV diastolic
function in those with HCM LVHþ and G þ LVH�.29 In
contrast, in another study by Pelliccia et al. (2022),
continued sport participation in adult patients with
HCM did not result in changes in LV wall thickness or
cavity size, and detraining did not lead to regression
of LVH.28 These findings also suggested that



TABLE 2 Summary of published studies evaluating the effects of exercise in patients with hypertrophic cardiomyopathy

Author, year, study
design Study population and intervention

Functional capacity and haemodynamic
response Safety/adverse events Quality of life and mental health

Lampert, 2023
(LIVE-HCM)27

Prospective cohort

N ¼ 1660 participants (8–60 years)
with HCM or G þ LVH� without
conditions precluding exercise.

(n ¼ 252 sedentary; n ¼ 709 moderate
exercise, n ¼ 699 vigorous exercise
[including 259 competitive
athletes])

Mean � SD age: 39 � 15 years; 60%
male.

Death/SCA/ICD therapy/arrhythmic
syncope: 4.6% overall. By group:
non-vigorous exercise: 4.6%;
vigorous exercise: 4.7%. Rates of
events were not higher in the
vigorous exercise group compared
with moderate or sedentary groups.

SCA/SCD incidents (all male): Vigorous
exercise group: n ¼ 7 (3 SCAs during
exercise, 2 SCDs, 1 SCA in daily
activities, 1 unknown; 1 had ICD).
Moderate exercise group: n ¼ 4 (1
SCA during exercise, 3 SCDs; 1 had
ICD). Sedentary group: n ¼ 3 (2
SCDs during sleep, 1 SCA while
standing; 1 had ICD).

Pelliccia, 202228

Retrospective
N ¼ 60 patients with HCM in

competitive sports at time of first
diagnosis; 85% were low-risk.

Mean � SD age: 31 � 16 years; 92%
male

Final evaluation after 7.0 � 4.7 years
of follow-up, with n ¼ 43 (72%)
HCM-detrained and n ¼ 17 (28%)
HCM-trained.

77% had LV end-diastolic dimension of
45–54 mm. Normal LV filling in
85%; abnormal septal e’ velocities
(#8 cm/s) in n ¼ 20, high E/e’ ratios
(>14) in n ¼ 12 on tissue Doppler
imaging. Enlarged left atrial size in
55% ($40 mm). No differences in
LV size/thickness by sport
participation. Mild increase in left
atrium size over time; no changes in
LV filling parameters. T-wave
inversion prevalence decreased in
detrained from 86% to 60% and in
trained from 94% to 47%
(p < 0.05). Atrial enlargement
increased mostly in trained group
(0%–24%, p ¼ 0.024).

Andreassena,
202229

Cross-sectional,
retrospective

N ¼ 187 participants with HCM LVHþ
(n ¼ 121) and genotype-positive
family members with no significant
LVH (defined as G þ LVH�,
n ¼ 66).

Mean � SD age: 49 � 16 years; 52.4%
male.

Childhood/adolescent exercise linked
to better LV diastolic function in
both HCM LVHþ and G þ LVH�
groups.

No negative correlation found between
diastolic parameters and exercise
exposure.

Dejgaarda, 201830

Cross-sectional,
retrospective

In G þ LVH� and HCM
LVH þ participants: lifetime
vigorous exercise increased LV end-
diastolic volume (p < 0.001).

In G þ LVH� only: increase in LV mass
with lifetime vigorous exercise
(p ¼ 0.03).

LV systolic function similar between
athletes and non-athletes; HCM
LVH þ athletes had lower E/e’
(p ¼ 0.03) and higher e’ (p ¼ 0.02)
than non-athletes.

In HCM LVH þ participants, lifetime
vigorous exercise was similar
between those with and without
ventricular arrhythmias (p ¼ 0.89).

Basu, 202131

RCT
N ¼ 80 young patients with HCM;

12-week HIT programme (n ¼ 40)
vs. usual care (n ¼ 40).

Mean � SD age: 45.7 � 8.6 years.

At 12 weeks: Increase in VO2peak,
VO2/kg at AT, time to AT, max ET;
decrease in systolic BP, BMI (all
p< 0.01) in exercise group vs. usual
care.

At 6 months: Maintenance of some
exercise gains in time to AT, max
ET, VO2/kg at AT (all p < 0.05).

At 12 weeks: No significant differences
in arrhythmia safety, NSVT, and
ectopic burden (all p > 0.5). No
sustained episodes of arrhythmias;
stable NSVT incidence over time
(p ¼ 0.09).

At 12 weeks: Decrease in
anxiety (p # 0.001) and
depression scores
(p ¼ 0.015) in exercise
group vs. usual care.

At 6 months: Continued
decrease in anxiety
(p < 0.001); 33/34
maintained exercise
adherence.

Kwon, 202132

Observational
N ¼ 7666 individuals with HCM who

underwent health check-ups,
including PA level questionnaires.
To estimate individual PA levels,
the PAS was calculated, and the
study population was categorised
into 3 groups according to tertiles
of PAS. Mean follow-up of

Decrease in all-cause and CV mortality
from lowest to highest PA tertiles:
Lowest PA (mean PAS 1.4 � 0.6
METs/day): 9.1% all-cause, 4.7%
CV; Middle PA (mean PAS 3.4 � 0.7
METs/day): 8.9% all-cause, 3.8%
CV; Highest PA (mean PAS 8.4 � 3.1
METs/day): 6.4% all-cause, 2.7%

Continued on the next page
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TABLE 2 Continued

Author, year, study
design Study population and intervention

Functional capacity and haemodynamic
response Safety/adverse events Quality of life and mental health

5.3 � 2.0 years.
Mean age: 59.5 years; 70.1% male.

CV. p-for-trend ¼ 0.0144 (all-
cause), 0.0023 (CV). No increased
mortality risk in highest vs. middle
PA group (HR 0.78 [95% CI 0.63–
0.95] all-cause, HR 0.75 [95% CI
0.54–1.03] CV).

Pelliccia, 202033

Retrospective
N ¼ 88 athletes with HCM in long-

term exercise programmes and
competitive sports; 88% were low-
risk.

Median (IQR) age: 31 (19–44) years;
92% male

Evaluation after 7 � 5 (1–21) years,
when n ¼ 61 (69%) had reduced/
stopped exercise and sport (HCM-
detrained), and n ¼ 27 (31%)
continued with regular training and
sport competitions (HCM-trained).

All athletes had normal systolic LV
function; 81% had normal LV filling.

Abnormal e’ velocity observed in 52%
(n ¼ 12/23) of a subset of athletes
assessed by tissue Doppler imaging.

Enlarged left atrial size was found in
56% (transverse
diameter $40 mm).

SCA/death rate: 0.3% per year (n ¼ 2;
both events off-sport).

22% reported symptoms: syncope
(n ¼ 3), palpitations (n ¼ 10), chest
pain (n ¼ 4), dyspnoea (n ¼ 2). No
difference in SCA/death or
symptoms between HCM-trained
vs. detrained (Kaplan–Meier
p ¼ 0.264).

Wasserstrum,
201934

Observational

N ¼ 45 patients with HCM (>18 years)
who participated in a cardiac
rehabilitation programme for at
least 3 consecutive months.

Mean � SD age (at diagnosis): 49 � 18
years; mean � SD age (on
admission): 58 � 13 years; 69%
male.

Increase in exercise capacity: from 5.3
to 6.7 METs (p ¼ 0.01) at higher
peak heart rates. 56% improved in
exercise capacity without changes
in NYHA class, clinical, ECG, or
echocardiography parameters.

Benefit of exercise was more
pronounced with <6.8 METs at
baseline (p ¼ 0.008).

No significant arrhythmias or events; 1
non-lethal NSVT during exercise.

40% reported an improved
subjective perception of
functional capacity and
QoL.

9% discontinued
participation because of
discomfort.

Saberi, 20178

(RESET-HCM)
RCT

N ¼ 136 adults with HCM; 16-week
moderate-intensity aerobic training
(n ¼ 67) vs. usual activity (n ¼ 69).

Mean � SD age: 50.4 � 13.3 years;
58% male.

Increase in mean peak VO2 at 16 weeks
in exercise group: 1.27 (95% CI
0.17–2.37, p ¼ 0.02). No significant
changes in cardiac morphology/
function, LVOT gradient, or serum
BNP.

No ventricular arrhythmia, SCA, ICD
shocks, or deaths in either group.

SF-36v2 physical functioning
scale: þ5.7 in exercise
group, �2.5 in usual-
activity group
(difference þ8.2, 95% CI
2.6–13.7 points).

Klempfner, 20157

Prospective, non-
randomised

N ¼ 20 patients with symptomatic
HCM, limited in everyday activity,
who exercised in a cardiac
rehabilitation centre twice a week.

Mean � SD age: 62 � 13 years; 70%
male.

Improvement in functional capacity
from 4.7 � 2.2 to 7.2 � 2.8 METs
(p ¼ 0.01); 50% showed $1 grade
of improvement in NYHA class with
no deterioration during follow-up.

No adverse events or sustained
ventricular arrhythmias occurred
during training.

Sheikh, 20159

Observational
N ¼ 106 athletes with HCM competing

at regional, national, or
international levels in a range of
sports.

Mean � SD age: 24.3 � 6.9 years;
94.3% male

N ¼ 101 sedentary patients with HCM
Mean � SD age: 25.8 � 6.0 years;

90.1% male
A subset of athletes (n ¼ 15) with HCM

exhibiting morphologically mild,
concentric disease was compared
with 55 healthy athletes with mild
physiological LVH.

Athletes: 96% had T-wave inversion,
milder LVH, larger LV cavity size,
and better overall diastolic function
vs. sedentary group (p < 0.001).

Average E/E’ ratio was smaller in
athletes vs. sedentary group
(p < 0.001).

Athletes: 13.2% had exercise test
abnormalities; 8.5% had blunted BP
response (systolic rise
of <25 mm Hg), vs. 22.8% in
sedentary group (p ¼ 0.004). 5.6%
had exercise-induced arrhythmias,
including NSVT, SVT, AF, and
ventricular ectopics.

On 24-hr Holter, 12.3% had
arrhythmias; 9.4% had non-specific
findings including couplets and
triplets, frequent ventricular
ectopics, and a junctional rhythm.

Athletes with mild concentric HCM: No
exercise test abnormalities; 6.7%
(n ¼ 1) had NSVT on 24-hr Holter.

Healthy athletes with physiological
LVH: No abnormalities in exercise
testing or Holter.

AF¼ atrialfibrillation;AT¼ anaerobic threshold;BMI¼bodymass index;BNP¼b-typenatriureticpeptide;BP¼bloodpressure;CI¼ confidence interval; CV¼ cardiovascular;ET¼exercise time;GþLVH�¼genotype-
positive phenotype-negative; HCM¼ hypertrophic cardiomyopathy;HCMLVHþ¼ phenotype-positive; HIT¼ high-intensity training; HR¼ hazard ratio; ICD¼ implantable cardioverter defibrillator; IQR¼ interquartile
range; LV¼ left ventricular; LVH ¼ left ventricular hypertrophy; LVOT¼ left ventricular outflow tract; MET¼ metabolic equivalent of task; NSVT¼ non-sustained ventricular tachycardia; NYHA¼ New York Heart
Association; PA ¼ physical activity; PAS ¼ physical activity score; QoL ¼ quality of life; RCT ¼ randomised controlled trial; SCA ¼ sudden cardiac arrest; SCD ¼ sudden cardiac death; SD ¼ standard deviation; SF-
36v2¼ 36-item Short-Form Health Survey; SVT¼ sustained ventricular tachycardia; VO2/kg at AT¼ oxygen consumption/kg at anaerobic threshold; VO2peak¼ peak oxygen consumption. aAndreassen et al.29 and
Dejgaard et al.30 assessed the same study cohort but examined different outcomes.
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detraining could be very useful in differentiating
physiological LVH from pathological hypertrophy in
HCM. The contrasting results may be attributed to the
different patient populations studied (the latter study
included athletes, whilst the former examined the
effect of exercise in early life). Sheikh et al. (2015)



FIGURE 1 Effects of Exercise in Patients with Hypertrophic Cardiomyopathy

BMI ¼ body mass index; ICD ¼ implantable cardioverter-defibrillator; LV ¼ left ventricle; LVH ¼ left ventricular hypertrophy; SCA ¼ sudden cardiac arrest;

SCD ¼ sudden cardiac death.
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examined the effects of exercise on structural pa-

rameters and found that athletes with HCM exhibited

milder LVH, larger LV cavity dimensions, and supe-

rior indices of diastolic function compared with

sedentary HCM patients (all p < 0.001).9

Studies by Basu et al. (2021) and Klempfner et al.

(2015) demonstrated that structured training pro-

grammes could lead to increased exercise capacity

and improved functional capacity.7,31 In addition,

the randomised controlled trial (RCT) by Basu et al.

also reported greater reductions in systolic BP

(p ¼ 0.002) and body mass index (BMI) (p < 0.001)

in the exercise group who underwent a 12-week

high-intensity training programme compared with

patients who received usual care. Similarly, in a

study by Wasserstrum et al. (2019), participation in

a cardiac rehabilitation programme for at least

3 months was associated with a significant increase

in exercise capacity (p ¼ 0.01) at higher peak heart

rates; this benefit was particularly pronounced in
patients with lower exercise capacity at baseline

(p ¼ 0.008).34

3.2. IMPACT OF EXERCISE ON ADVERSE EVENTS

AND SAFETY OUTCOMES. Across several studies, the
evaluation of safety-related adverse outcomes in ex-
ercise interventions among low-risk individuals with
HCM demonstrated a generally consistent pattern

(Table 2 and Fig. 1).
In the LIVE-HCM study, the primary composite end

point of death, sudden cardiac arrest (SCA), and
appropriate ICD therapy or arrhythmic syncope was

reached by 4.6% of participants, with no significant
difference between vigorous and non-vigorous exer-

cise groups.27 Basu et al. (2021) reported no significant

differences between groups (12-week high-intensity
training programme vs. usual care) in composite

arrhythmia safety outcomes at 12 weeks.31 Similarly,

in the RESET-HCM trial, there were no occurrences of

sustained ventricular arrhythmia, SCA, appropriate

ICD shock, or death in either group (exercise vs. usual
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activity).8 Dejgaard et al. (2018) found that the per-

formance of lifetime vigorous exercise was similar

between individuals with HCM LVHþ with and

without ventricular arrhythmias (p ¼ 0.89).30

In the study by Kwon et al. (2021), moderate-to-
vigorous-intensity physical activity in middle-aged
patients with HCM was associated with a progres-
sive reduction of all-cause and cardiovascular mor-
tality.32 Klempfner et al. (2015) and Wasserstrum
et al. (2019) reported no adverse events or significant
arrhythmias throughout participation in their
respective training programmes.7,34 Furthermore, in
the study by Sheikh et al. (2015), none of the 15 ath-
letes with mild concentric HCM revealed abnormal-
ities on exercise testing, and only one demonstrated
arrhythmia (NSVT) on 24-h Holter monitoring.9 Pel-
liccia et al. (2020) also reported low adverse event
rates, with two instances of SCA or death (0.3% per
year), both of which occurred outside of sport
participation, and no significant differences in
Kaplan–Meier analyses of freedom from SCA/SCD and
symptoms between HCM-trained and detrained pa-
tients.33 These findings indicate that exercise may be
conducted without significant increases in risk for
serious arrhythmias or other adverse events in low-
risk individuals with HCM.

3.3. IMPACT OF EXERCISE ON QUALITY OF LIFE

AND MENTAL HEALTH OUTCOMES. In terms of
patient-reported outcomes, including QoL and psy-
chological measures, studies examining the effects of
exercise in patients with HCM demonstrated
enhanced physical functioning and highlighted the
potential therapeutic role of exercise in reducing
anxiety and depression (Table 2 and Fig. 1).

In the RESET-HCM trial, a significant difference was
observed in the 36-item Short-Form Health Survey
(SF-36v2) physical functioning scale, where the exer-
cise group experienced an increase of 5.7 points, as
opposed to a decrease of 2.5 points in the usual-
activity group.8 Additionally, Wasserstrum et al.
(2019) reported that training improved the subjective
perception of functional capacity and QoL in approx-
imately 40% of participants.34 Notably, the retention
rate in the training programme was high, with only
four patients (9%) discontinuing because of discom-
fort. Basu et al. (2021) revealed a positive effect of
exercise on mental health; at 12 weeks, the exercise
group had a greater reduction in anxiety (p # 0.001)
and depression (p ¼ 0.015) scores, with the reduction
in anxiety continuing at the 6-month follow-up
(p < 0.001).31 Additionally, patient-reported exercise
adherence at 6 months was comparable to baseline
physical activity in most individuals from the exercise
group who attended follow-up.31 These findings
highlight the positive effects of exercise interventions
on both the physical and psychological aspects and
QoL of patients with HCM. Moreover, the high adher-
ence and retention rates suggest that, with careful
monitoring and tailoring to individual needs and
preferences, a structured exercise programme may be
a well-tolerated component of care for individuals
with HCM.

4. EXERCISE PRESCRIPTION IN HCM

As discussed, exercise in HCM, including vigorous
regimens, provides consistent physical and psycho-
social benefits. This is also supported by pre-clinical
models.10 Collectively, these findings support inte-
grating personalised and closely monitored exercise
programmes into the therapeutic approach for HCM
patients, without forgetting the importance of a
shared decision-making model to balance patient
needs with potential risks. Translating these prom-
ising research findings into clinical practice requires
meticulous consideration and individualisation.
Although the general trend demonstrates the safety
and efficacy of exercise in HCM, the potential
complexity of HCM entails that a one-size-fits-all
approach is inadequate, and it is necessary to
consider specific symptoms, fitness levels, risk pro-
files, and patient preferences. A summary of a pro-
posed individualised approach to exercise
prescription in patients with HCM is presented in
Fig. 2.

4.1. INDIVIDUALISED EVALUATION AND EXERCISE PRE-

SCRIPTION. 4.1 . 1 . Base l ine assessments . Before
initiating an exercise prescription in individuals with
HCM, a thorough evaluation to determine the risk of
SCA should be conducted, considering the individual’s
risk profile, age, sex, symptoms, disease stage, base-
line fitness and previous training experience, and
medical history.4,13,26,35,36 As described previously,
initial investigations may include ECG, Holter moni-
toring, laboratory investigations, and multi-modality
imaging. CPET allows for a detailed assessment of
functional capacity and mechanisms of exercise
intolerance. It also enables stratification through
evaluation of parameters such as peak oxygen con-
sumption (PeakVO2), ventilatory anaerobic threshold
(VAT), ventilatory efficiency, and arrhythmia and BP
response to exercise.37 Stress echocardiography may
be used to rule out dynamic LVOTO in those reporting
chest pain or syncope during exercise.38 Additionally,
ambulatory tools such as Holter monitoring or wear-
ables during exercise could be considered, thereby



FIGURE 2 Individualised Approach to Exercise Prescription in Patients with Hypertrophic Cardiomyopathy

AED ¼ automated external defibrillator; CMR ¼ cardiac magnetic resonance; CPET ¼ cardiopulmonary exercise testing.
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enhancing risk stratification models by detecting
exercise-induced arrhythmias.35

4.1 .2 . The F ITT pr inc ip le and recommendat ions
for ind iv iduals wi th HCM. Exercise prescriptions
should be guided by the FITT (frequency, intensity,
time, and type of exercise) principle.39 Guidelines
strongly advise implementing a shared decision-
making approach, striving towards establishing a
compromise between cardiovascular benefit, patient
values, and individual objectives.13 An example of the
FITT principle tailored for individuals with HCM is
provided in Table 3.
The general recommendations for moderate-
intensity physical activity among adults typically
include 150–300 min of aerobic activities weekly,
preferably spread throughout the week, with a poten-
tial gradual increase in frequency and/or intensity
unless contraindicated.40,42 Exercise prescription
should be led by specialists trained in inherited cardiac
conditions who are well accustomed to exercise pre-
scription. Mild-to moderate-intensity recreational ex-
ercise is safe for most individuals with HCM.12,13

Disease severity, risk profile, and functional capacity
achieved during exercise testing will help guide the



TABLE 3 Example of the FITT principle tailored for individuals with HCM

FITT Component Description

Frequency Preferably spread throughout the week (eg, 30 min a day, 5 days a week).40

Intensity � Low-intensity: 1.6–2.9 METs; target HRmax <55%; Borg RPE Scale 6–11.
� Moderate-intensity: 3.0–5.9 METs; target HRmax 55%–74%; Borg RPE Scale 12–14.11,12,41

Time (Duration) 150–300 min of moderate-intensity aerobic physical activity.42

Type of exercisea � Low-intensity: light housework, slow walking.
� Moderate-intensity: activities such as brisk walking at 2.4 to 4 miles per hour, biking at 5 to 9 miles per hour, rec-

reational swimming, and active yoga.11

HRmax ¼ maximum heart rate; MET ¼ metabolic equivalent; RPE ¼ rate of perceived exertion. aThere are insufficient data regarding recommendations for strength exercise.13
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level of exercise intensity. Depending on the outcome
of this evaluation, patients are then encouraged to
engage in exercise according to their individualised
exercise prescription. Peak METs during stress testing
will help determine appropriate activities. Heart rate
and the Borg scale (<15 for low tomoderate intensity)41

are practical measures of intensity, easily adopted
by patients when engaging in an exercise routine.
Activities achieved with <3 METs and/or <55%
target maximum heart rate (HRmax) are classified
as low-intensity (eg, slow walking and light house-
work). Moderate-intensity exercise routines include
activities achieved with 3.0–5.9 METS (55%–74% of
HRmax), such as recreational swimming, brisk
walking, and yoga.11

Strength training may also be carefully and grad-
ually incorporated, with a focus on not exceeding
70% HRmax,43 particularly to avoid the range within
repetitions that could provoke the Valsalva
manoeuvre. The recommended repetition range is 8–
15, avoiding breath-holding or reaching failure (ie,
performing exercise until a repetition can no longer
be completed because of muscle fatigue).44 It is also
advisable to start with low weights (#20% of body
weight for upper limbs and #50% for lower
limbs).26,43 However, to date, there are insufficient
data to make recommendations on resistance
training, although it is advised to avoid the Valsalva
manoeuvre, which can worsen LVOTO.13

Regular patient reassessment and monitoring
through CPET, which may be complemented by
lactate threshold testing using ear lobe blood sam-
ples, can effectively identify aerobic and anaerobic
thresholds at blood lactate concentrations of 2 mmol/
L and 4 mmol/L, respectively. Monitoring aerobic and
anaerobic capacities can assist cardiologists, exercise
physiologists, and fitness coaches to modify training
regimens, individualising exercise intensity targets
(Fig. 2).36

4.1 .3 . H igh- r i sk ind iv idua ls . Individuals diag-
nosed with HCM who harbour high-risk markers
(symptoms or a history of cardiac arrest or cardiac
syncope, moderate range of ESC SCD score [$4% at 5
years], LVOTO [LVOT gradient >30 mm Hg at rest],
abnormal BP response to exercise, and evidence of
arrhythmia at rest or on exertion) should not engage
in high-intensity exercise or competitive sports (Class
III, Level C).45 These individuals should be risk-
stratified, as outlined in previous sections, and
medically optimised accordingly, in close liaison with
cardiomyopathy/sports cardiology experts. Low-to
moderate-intensity exercise regimens may then be
pursued and up-titrated according to the clinical
response with close monitoring in expert units.4

4.1 .4 . Pat ients with an ICD. Individuals with HCM
implanted with an ICD were historically discouraged
from engaging in any form of physical activity. The
criteria for eligibility in competitive sports have now
become more liberal, with shared decision-making
becoming a key component in the management of
these patients.45 There are various considerations
that must be discussed when addressing such situa-
tions. Sports activity early on after ICD implantation
is discouraged because of an increased risk of lead
dislocation. In the long term, sporting disciplines
dependent on repeated upper extremity movements
are also discouraged because of the risk of lead mal-
function (eg, swimming, powerlifting). Sporting dis-
ciplines associated with chest trauma (eg, baseball,
rugby, football) are also discouraged because of an
increased risk of generator failure.46 Some athletes
may also experience inappropriate and/or appro-
priate ICD shocks during exercise. Individualising
device programming is often necessary. Altering
ventricular tachycardia/ventricular fibrillation detec-
tion rates and tracking rates may be required, espe-
cially in individuals with a history of inappropriate
therapies. Despite concerns in this regard, long-term
results of the Multinational ICD Sports Registry have
shown that athletes with ICDs who continued to
engage in sports did not have serious adverse
sequelae during follow-up.47 Whilst these results are
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encouraging, caution should be exercised; an indi-
vidualised strategy, under expert supervision is
paramount. Importantly, ICD implantation for the
sole purpose of participating in competitive or high-
intensity sports is not recommended (Class 3,
Level B).13

4.1 .5 . Compet i t ive sports part i c ipat ion and
ath let i c cons iderat ions . The impact of high-
intensity exercise and competitive sports on disease
progression in HCM has not been well studied. Pre-
viously, athletes with HCM were discouraged from
continuing competitive sports. However, our under-
standing of HCM in athletes has evolved over the past
decade. In a study of low-risk adult athletes with
HCM, voluntary participation in competitive sports
was not associated with increased risk of major car-
diac events or clinical worsening compared with
those who stopped or reduced participation in exer-
cise programmes or competitive sports.33 A similar
study cohort demonstrated no differences in LV cav-
ity size and wall thickness, regardless of patients’
sports participation.28 In another study, competitive
young adult athletes with asymptomatic HCM
demonstrated physiological cardiac adaptations
similar to those of athletes without HCM.9

Participation in competitive sports should be
individualised by considering factors such as the
athlete’s desired sports regimen, preferences, and
phenotype.35 Elite athletes with HCM should seek
expert advice to help determine the overall cardio-
vascular risk, institute appropriate lifestyle and
medical therapy, and refer for advanced therapies
(devices/surgery) if indicated. Following this
comprehensive evaluation, a personalised exercise
prescription will aim to strike a balance between
benefits and risks. Annual re-evaluations are also
TABLE 4 Exercise recommendations for athletes with hypertrophic c

european association of preventive cardiology (EAPC)

Recommendation

Participation in intensive exercise and competitive sports should be individu
Absolute contraindications for sports participation include:

1. History of SCD/SCA;
2. Symptoms, particularly unpredicted syncope;
3. Exercise-induced ventricular tachycardia;
4. High ESC 5-year risk score;
5. Significant increase in LV outflow gradient (>50 mm Hg);
6. Abnormal blood pressure response to exercise.

� In adults with mild HCM and low ESC risk score, participation in al
where syncope could cause harm or death.

� Decision after comprehensive evaluation and explanation of disea
� Athlete and physician should reach reasonable understanding and
� Annual reviews should be conducted to assess symptoms and cha

ESC ¼ European Society of Cardiology; HCM ¼ hypertrophic cardiomyopathy; LV ¼ left
Pelliccia et al., 2019.48
warranted to monitor for symptoms and evidence of
disease progression.13,26 Emergency action plans
(EAPs), including ensuring access to or purchasing
automated external defibrillators (AEDs) and poten-
tial medication use, should also be discussed.26

Current European guidelines are now more lenient,
relying on risk markers and emphasising that shared
decision-making is paramount. Participation in high-
intensity exercise and competitive sports may be
considered in asymptomatic, low-risk individuals
with mild morphological manifestations of HCM in
the absence of both resting and inducible LVOTO and
exercise-induced complex ventricular arrhythmias
(Class IIb, Level B). Conversely, engagement in high-
intensity exercise and competitive sports should be
avoided in high-risk individuals and in those pre-
senting with LVOTO and exercise-induced complex
ventricular arrhythmias (Class III, Level C).12 In-
dividuals meeting the criteria for competitive sports,
as outlined by the Sport Cardiology Section of the
European Association of Preventive Cardiology
(EAPC) guidelines, must adhere to the guidance pro-
vided by the EAPC recommendations, presented in
Table 4.48

4.2. LIFESTYLE ADVICE AND EMERGENCY ACTION

PLANS. An EAP should be incorporated in exercise
prescriptions, providing guidance on what to do in
case of cardiac events during exercise. Preferably, an
AED should be readily accessible in exercise venues,
including gyms and schools.26

Patient education about the importance of hy-
dration, especially in hot environments, is essential
to prevent adverse effects on preload and electro-
lyte balance. Dehydration can trigger or exacerbate
obstructive symptoms and arrhythmias. Education
ardiomyopathy according to the sport cardiology section of the

s Class (Level)

ally assessed following complete evaluation. IIb (C)

l competitive sports may be considered, except in sports

se characteristics, risk factors, and potential outcomes.
agreement.
nges in risk profile.

IIb (C)

ventricle; SCA ¼ sudden cardiac arrest; SCD ¼ sudden cardiac death. Adapted from
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should also cover the identification of exercise-
triggered signs and symptoms, along with knowing
when to stop physical activity and seek medical
attention. Furthermore, patients should be asked
about stimulant use, including caffeine and pre-
scription medications, as these can increase sym-
pathetic tone and contribute to arrhythmogenic
risk.26

Adherence to the exercise prescription should be
strongly encouraged in those desiring to partake in
physical activity. Lack of compliance can negate the
positive health effects of physical activity, poten-
tially leading to adverse health outcomes. There-
fore, patient education on the importance of
compliance and the potential risks of non-
adherence has to be reinforced during follow-up to
ensure that the intended health benefits are not
compromised.

4.3. FOLLOW-UP. The 2020 ESC sports cardiology
guidelines recommend yearly follow-up for most pa-
tients with HCM engaging in regular exercise.45

However, biannual assessments may be more appro-
priate for adolescents and young adults given the
evolving nature of their disease phenotype and
increased susceptibility to exercise-induced SCD. The
primary aim of these follow-up evaluations is to
monitor disease progression and refine risk stratifi-
cation.45 Furthermore, CMR is advisable for in-
dividuals with HCM during follow-up to assess
disease progression and assist in risk stratification
and therapeutic management (Class IIa, Level C).12

The emergence of new symptoms should necessitate
a temporary cessation of exercise activity and
prompt reassessment.45

4.4. GENOTYPE-POSITIVE PHENOTYPE-NEGATIVE

INDIVIDUALS. There is no evidence to support exer-
cise restriction in asymptomatic genotype-positive
phenotype-negative individuals. Participation in
competitive sports of any intensity can be considered
according to the latest guidelines (Class IIa,
Level C).12,13 Annual assessment of these individuals
is strongly advised, specifically monitoring for the
development of phenotypic features of HCM.12 A
study by Aengevaeren et al. (2019) demonstrated no
relationship between lifelong physical activity and
genotype-to-phenotype transition in individuals with
HCM genes.49

4.5. SHARED DECISION-MAKING APPROACH. A
collaborative decision-making approach is an impor-
tant element for exercise prescription in HCM, as it
enhances patient autonomy and informed consent,
which are indispensable in medical practice.4,35
Educational interactions and open communication
among patients, family members, athletic trainers,
and health care providers ensure safety and adher-
ence to clinical guidelines.26 However, existing risk
stratification algorithms for athletes with heart dis-
ease are often derived from sedentary population
data and may not apply to athletes with unique
physical and metabolic demands. The EAPC recom-
mends a tailored approach considering individual
symptoms, risk factors for SCD/SCA, age, and sports
specifics, with the athlete being fully aware of their
risks and condition.48

Implementing an exercise programme for those
with HCM should involve health care providers, ex-
ercise professionals, and patients working together to
facilitate appropriate risk assessment, ongoing
monitoring, and regular evaluations. A personalised
exercise regimen in HCM accounts for each patient’s
circumstances and integrates exercise safely into
their broader care strategy.

5. FUTURE DIRECTIONS AND

RESEARCH GAPS

Research on exercise in HCM presents an array of
challenges and opportunities. One pressing concern is
defining ‘low risk’ in the context of exercise partici-
pation in this patient population. While the notion of
‘return to play’ has been previously discussed, there is
a need to establish robust, evidence-based definitions
for what constitutes low risk in HCM. Similarly, SCD
risk among the phenotype-negative gene carriers is
still a developing area of study and necessitates further
research.12 A research gap also exists in understanding
how exercise might affect the natural progression and
disease expression of HCM. Large, adequately pow-
ered RCTs are warranted to develop effective and safe
exercise recommendations.12 Understandably, given
the slow rate of disease progression and the low overall
event rates in HCM patients, RCTs may be particularly
challenging.13 Future research should, therefore, also
consider alternative trial designs and use specific
patient-reported outcome tools to assess the impact of
new therapies rigorously.13

While the imperative for more robust data is clear,
there are unique challenges in implementing exercise
interventions in patients with HCM. One such barrier
is the limited awareness among health care providers
and patients regarding the potential benefits and
risks of exercise in this population. This calls for
collective efforts in education and the dissemination
of evidence-based information. Accessibility is
another issue, particularly in resource-limited
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settings. Innovative solutions are needed to facilitate
better access to exercise facilities and specialists.

Maintaining long-term exercise adherence is a
significant challenge for HCM patients despite initial
high motivation. Research into motivational strate-
gies and behavioural interventions is essential to
improve long-term adherence. Ensuring patient
safety through accurate risk stratification, improved
prediction models, and standardised safety protocols
for exercise is equally important.

Regarding novel therapeutic strategies, the poten-
tial synergistic effects of combining exercise with
pharmacological interventions offer a promising
avenue for exploration. Advances in digital health
technology, including wearables and telemedicine
platforms, can revolutionise the implementation and
monitoring of exercise interventions in HCM.
Furthermore, research into novel exercise modalities,
such as supervised home-based programmes, could
provide more convenient alternatives to traditional,
facility-based interventions. Finally, multi-domain
lifestyle interventions that combine exercise with
other lifestyle changes, such as diet, stress manage-
ment, and sleep optimisation, should be considered to
present a holistic approach to improving cardiovascu-
lar outcomes in patients with HCM.

6. CONCLUSION

We have shown evidence supporting the benefits of
exercise in low-risk patients with HCM, illustrating
improvements in exercise capacity and QoL, and
favourable cardiovascular adaptations. In fact,
exercise can be considered a complementary modal-
ity in the existing management strategies for low-risk
patients with HCM. Furthermore, this review high-
lights the paramount importance of risk stratification,
continuous monitoring and follow-up, and adherence
to safety protocols in implementing exercise
interventions.

Tailoring exercise prescriptions to individual pa-
tient characteristics, disease severity, and prefer-
ences is another salient point of this review.
Individualised interventions using the FITT principle
optimise the benefits derived from exercise while
minimising associated risks. Importantly, patient
education and a shared decision-making approach are
fundamental elements for achieving these outcomes.
Future research should focus on defining ‘low-risk’
categories, innovative trial designs, and addressing
gaps in long-term adherence, health care provider
awareness, and accessibility to optimise the safety
and efficacy of exercise interventions in this complex
patient population.
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